\(V)Ot

SHORT COMMUNICATIONS
Agronomy and Mechanization

Rate of Cross-Fertilization Between
Single Plants and Between Plots

Wolfgang Link and Ernst von Kittlitz
University of Hohenheim, Postfach 70 05 62,
7000 Stuttgart 70,

FEDERAL REPUBLIC OF GERMANY

Abstract

In field trials, the cross-fertilization between single
plants and between small plots was studied in Vicia
fabaL. var minor using black-seeded marker-gene. The
rate of cross-fertilization between single plants (42%)
was about twice the rate between plots (22%). The
results show that cross-fertilization is too frequent
to be ignored.

Introduction

Faba bean (Vicia faba L..) is a partially allogamous
species, a fact that renders its breeding difficult.
Multiplication of genotypes in the open field causes
problems of impurity in the genotypes for subsequent
test trials, unless adequate isolation is provided. The
problems that arise from this practice are:

1. A given genotype cannot be properly maintained.

2. Genotypes show different degrees of cross-
fertilization. Therefore, even stocks with an equal
coefficient of inbreeding will produce progenies
with differing  coefficient of inbreeding. This
creates differences between the productivity of
these progenies which areYfound at the homozygous
level, thus decreasing the validity of the results.

3. The contamination with pollen from the whole nursery
reduces the genetic variation between the stocks,
and subsequently the heritability and the gain from
selection.

To minimize these disadvantages, breeders often
discard seeds from the border rows. Hawtin and Omar
(1980) found, that harvesting the center of a plot
(size of 15 m“ or 30 m*) instead of the borders,
reduced contamination from outside the plots by 3 to
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5% . Omar and Hawtin (1981) found a difference of about
6% between the samples from the border and from the
central part of a plot; the difference was somewhat
more pronounced when the experiment was located in the
center of the field than when at the edge. Dietrich ef
al. (1979) reported from repeated experiments that
their four-row-plots produced about 28% of the progeny
pollinated from  outside the  plot, whereas
single-row-plots produced 38 % . However, Xanthopoulos
et al. (1986) reported a rate of cross-fertilization
within rows of 48% compared to only 8% between rows
using single row plots with a row spacing of 0.7 m.
Robertson and Cardona (1986) suggested, that
neighboring plots of Brassica napus L. potentially
reduced bee activity in the faba bean plots; however
the rate of inter-plot outcrossing was not
significantly reduced.

Pope and Bond (1975) found that an isolation
distance of 0.9 m resulted in 17% contamination with
20 m~ plots. However, contamination was reduced to 3%
at 23 m, to 2% at 46 m, and to less than 1% at 138 m
distance to the source of foreign pollen. Similarly,
Hawtin and Omar (1980) reduced contamination from 7%
(at plot spacings of 10-40 m) to less than 2% (at plot
spacing of 200 m) with 6.25-m“ plots. Also, they found
that contamination was reduced as the plot-size
increased.

The objective of the present work was to determine
the rate of cross-fertilization between plants (i.e.,
within plots) and between small plots at different
levels of heterozygosity of the faba bean genotypes at
Hohenheim, Stuttgart, Germany.

Materials and Methods

Four experiments were conducted in the open field at
Hohenheim, Stuttgart, Germany, during the 1985-1987
seasons to study the rate of cross-fertilization in
faba bean (Vicia faba L. var minor). Nine genotypes of
faba bean expressing the recessive buff seed color were
used: three homozygous lines (line 03 from the variety
Diana. line 20 from Herz Freya. and line 43 from Kleine
Thueringer), along with the three possible F s and the
corresponding Fs.

The rate of cross-fertilization was measured with a
top cross by examining the offspring in the
topcross-test. The topcross-tester was a bulk of 16
lines, homozygous for the dominant black seed-color.
The flowering period of the topcross-tester covered the
flowering period of the nine genotypes.
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In the topcross-test-generation the progeny of the
nine buff-seeded genotypes was sown and number of black
seeded and buff seeded progenies was counted. The rate
of cross-fertilization (RCF) in the four experiments
was calculated as follows:

No. of black-seeded progenies
03 S x 100(1 +R)
Total no. of scored progenies

where R is the relation of buff-seeded plants to black
seeded plants (topcross-tester) during the flowering
period in the topcross-generation.

Experiments 1 - 3

Experiments | and 2 included all the nine genotypes,
whereas experiment 3 included only the three lines. The
topcross-generations of the experiments were grown in
1985 (exp. 1), 1986 (exp. 2), and 1987 (exp. 3) at
different fields. The genotypes were randomized in two
blocks. Each plot consisted of 10 buff-seeded plants,

surrounded by eight plants of the topcross-tester. The"

resulting plant density was 20 plants/m“ with all
plants equally spaced. An average of 1495
offsprings/genotype and experiment were scored in the
respective topcross-test.

Experiment 4

The topcross-generation of experiment 4 was grown in
1987 at the same field as exp. 3. The buff—seeded
genotypes were planted as whole plots (2x0.9 m* size)
with three rows and 60 plants/plot. The relation of
"black” plots to "buff” plots was 3 : | (Fig. 1). The
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"buff” plot were harvested in three parts: the two
border rows (treatment 1), the five border plants of
each side of the central row (treatment 2), and the
center of the central row (treatment 3). An average of
486 offsprings/genotype and treatment were scored in
the topcross-test.

"Total rate” of cross-fertilization was estimated
in experiments 1 - 3, whereas in exp. 4, the rate of
cross-fertilization between plots was estimated ("rate
between plots”). i.e.. the part of progeny which is
fertilized by pollen from plants of neighboring plots.
The "rate between plots” is the "total rate” minus the
cross-fertilization between plants within the same
plot.

Results and Discussion

A summary of the rate of cross-fertilization in
experiments 1 - 4 is shown in Table 1. There was a
strong negative influence of the degree  of
heterozygosity on the rate of cross-fertilization, and
the mean of the F,s was nearer to the mean of the
parental lines than to the mean of the Fs.

There were clear differences between experiments 1
- 3 and exp. 4. The "rate between plots” was, on
average, about half of the “total rate,” indicating
that approximately half of the cross-fertilization
occurred between plants within the same plot. These
results are at variance with those of Xanthopoulos er
al. (1986).
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Fig. 1. Field design of experiment 4 (the solid lines symbolize a row of black-seeded plants and a dotted line symbolizes a row of butt-seeded

plants: 1, 2, 3 correspond to treatments 1. 2, and 3.
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Table 1. Rate of cross-fertilization faba bean genotypes (experiments 1 - 4) grown at Hohenheim, Stuttgart, diminish the rate of cross-fertilization within the Xanthopoulos, F., Roupakias, D.G. and Tsaftaris, A.S.
Germany, during the 1985-1987 seasons. plot. Thus, to reduce contamination with foreign 1986. Inter- and intravarietal cross-fertilization
pollen, additional sheltering rows should be planted in faba beans (Vicia faba L.). Zeitschrift fuer

Experiment Generation /genotype Mean from seed of the respective genotypes harvested from Pflanzenzuechtung 96: 371-375.
the open field at the previous year. The "inner” plot
P F, F, with true-bred seed will then yield a less contaminated
i r larger trials.
03 20 43 0320 03x43  20x43  03x20 03x43  20x43 fccny for lecge Acknowledgments
Exp. 1 57.3 42.6 51.7 49.2 53.2 41.9 37.1 26.3 11.7 41.2 The results of this work could not have been brought
Exp. 2 57.8 50.5 64.7 460 52.3 46.1 255 30.8 11.7 42.8 . about without the collaboration of Mrs. Beate Devezi
Exp. 3 64.1 58.1 40.4 ' and Mrs. Sabine Frey. We are very grateful to Prof. Dr.
References B. Allison, Hohenheim, for critically reading the
Mean? 59.7 50.4 523 476 528 44.0 31.3 286 11.7 English text.
Dietrich, M., Kaestner, H.F. and Steuckardt, R. 1979.
Mean 54.1 48.1 23.8 Der anteil der selbst- und fremdbefruchtung bei der
ackerborhne (Vicia faba L.) nach ergebnissen
Exp. 4 mehrjachriger versuche mit weiss sowie farbig .. .
Treat. 1 36.59 38.4 350 309 229 30.0 18.4 14,1 4.8 25.75 bluehenden genotypen. Tag.-Ber. Akad. Landw. Bdydia oGla o q'h'l‘” wladyl Jias
Treat. 2 38.5 30.9 30.3 25.0 29.9 22.3 10.2 12.1 6.2 22.8 gWiss. 175: 97-109. - " - . s
Treat. 3 209 234 281 179 247 146 108 105 102 189 Hawtin, G. and Omar, M. 1980. Estimation of Gyl phid g Laady
out-crossing between isolation plots of faba beans.
b ; 22.3 3.2 12.2 71 9.8 FABIS Newsletter No. 2: 28-29.
Mean 35.0 30.9 L1 245 Lt Omar, M. and Hawtin, G. 1981. Effect of plot-to-plot vanls
Mean 13 24.2 10.8 distance on the percentage of intercrossing between
. faba bean plots. FABIS Newsletter No. 3: 27. e q],]_m Gladyl Lulys cad (Joill e Llia oplad pas

a. LSD (0.05) for comparison ot genotypes: 11.5

b. LSD (0.05) for comparison of genotypes: 6.2

c. LSD (0.05) for comparison of treatments: 2.8

d. LSD (0.05) for comparison of genotypes within treatments: 6.6

In exp. 4, only small differences were detected
between buff-seeded plants harvested from the center of
the plot and those harvested from the border of the
plot. Nevertheless, the influence of the treatments was
significant. These results agree with the work of Omar
and Hawtin (1981).

The effect of cross-fertilization on  the
coefficient of inbreeding of the stocks is shown in
Table 2. Consider the self-pollinated progeny of a
single, heterozygous plant, giving an F,-plot as in
exp. 4. The F,-plants produced 48% of its progeny by
cross-fertilization. However, only 24% was traced back
to pollinators from other plots and subsequently were
not inbred (coefficient of inbreeding of 0.00), whereas
the remaining 24% was pollinated by F,-plants within
the same plot (coefficient of inbreeding of 0.50).
Consequently, 52% of the progeny resulted from
self-fertilization (coefficient of inbreeding of 0.75).
The average inbreeding coefficient of the entire
progeny is then 0.51 (Table 2). Harvesting only the
plants from the center of the plot did not markedly
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Table 2. Average coefficient of inbreeding of the
progeny of lines, F,’s and F;’s harvested from the
whole plot or from the central part only.

Generation
Harvested area P F2 F1
Whole plot 0.68 0.51 0.38 (0.45)?
Central part 0.73 0.54 0.38 (0.45)

a. If all Fy-plants in the plot have the same genotype.

improve the coefficient of inbreeding, especially when
compared with a coefficient of inbreeding of 0.75,
achievable in bee-proof conditions.

Generally, it can be concluded that the rates of
cross-fertilization between plots were too large to be
neglected. A single row at each side of a plot is a
weak shelter against foreign pollen and does not
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DOCUMENT COLLECTION

With the financial support of the International Development Research Centre (IDRC),
ICARDA is building up its document collection on faba bean. The collection will be
used to supply needed documents to scientists in developing countries.

We would be grateful if readers who have any relevant documents would send them to:
ICARDA

Box 5466
Aleppo, Syria
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